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From the observation'> of swimming movement of the jellyfish, Dactylometra 
pacifica Goette, it was found that the umbrella was not only closed and opened 
but also a motion wave was propagated in the direction from centre to margin. 
Thus, the animal moved forward smoothly, unlike Obelia and the freshwater 
medusae advance intermittently. 
Dactylometra has eight sense organs arranged in radial symmetry in the 
marginal part of the umbrella. Each sense organ sends nerve impulses for the 
subumbrella muscle to pulsate. In spite of the fact that the impulses were 
sent off from the umbrella margin, the muscular contraction began from the central 
part of the umbrella and propagated to the marginal part. It was clarified by 
recording the movements of both the central and the marginal muscles, and the 
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Fig. I. The umbrella of Dactylometra was cut in a fan shape, and the excision experiment 
was made. A: The circular labyrinth excision. All of the marginal sense organs and the 
tentacles were removed, and the mechanical or electrical stimuli were applied to the central 
or marginal part of the preparation. In every case the contraction wave was propagated 
from centre to margin. B: Radial and N-shape excision. Only one sense organ (M.S.) was 
left and the other sense organs and the tentacles were removed. The preparation continued 
the spontaneous pulsation, the contraction wave was also propagated from centre to margin, 
but the contraction of the right piece was obviously delayed than that of the left and middle 
pieces. 
1) Contributionsfrom'theMarine Biological Station of Asamushi, Aomori Ken, No. 368 
2) The experiment on Dactylometra was made at The Misaki Marine Biological Station, 
, University of Tokyo, and a short oral report was given at the Annual Meeting of Kanto 
. District, Zoological Society of Japan, Tokyo, Apr. 19th, 1953. 
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propagating velocity of contraction wave was 28 em/sec at 22°0. It was also 
demonstrated by the excision experiments as is shown in Fig. l. 
The marginal sense organ containing the statocyst is a pacemaker of the 
pulsation of subumbrella muscle and an output monitor of the subumbrella muscle 
to control the umbrella pulsation, and to maintain the equilibrium orientation of 
the jellyfish body. It is a kind of feedback system in the jellyfish swimming. The 
experiment on the asymmetrical removal of some organs among the eight sense 
organs showed a quite abnormal orientation and locomotion. 
The anthomedusa P olyorchis karafutoensis KrsHINOYE has no statocyst but an 
ocellus is present on the outer surface of each tentacle where it leaves the rim of 
the bell. It was found that the ocellus sends the nervous impulses to initiate and 
control the bell pulsation and serves in keeping the equilibrium orientation of the 
medusa body. 
Pulscttion: The medusa was cut in radial symmetry into eight equal pieces, 
but each piece continued the pulsation. Further cut was made, and the 16 and 32 
equally separated pieces were also the same as the above eight pieces, pulsating at 
frequencies 40-50 times per minute. The pulsation frequency of the intact 
individual was 35-45 times per minute, and that the cut pieces had a tendency of 
higher frequency than the normal. ·when the cut pieces were left in the sea water 
(at 19°0) for hours, they stopped the pulsation. But they recovered t he normal 
pulsation when the sea water was replaced with the fresh and cold one (13°0). 
The pulsating frequency can be changed with the animal individual and the condi-
tion of sea water. 
Ocelli: the medusa has 96 ocelli and tentacles. The ocelli are in a row at 
intervals of l - 2 mm in the bell margin. An individual animal or a separated 
piece which had at least one ocellus could continue to pulsate, but one which all 
the ocelli were removed or selectively injured by the ti.p of a fine needle could not 
pulsate. The ocellus-injured preparation could respond only once to a single mech-
anical or electrical shock. I t was confirmed that the pulsation does not depend on 
the water-vascular system or the others, excepting the ocelli. 
Shadow reaction : Kihchi (1947) and Hisada (1956) reported on Spimcodon 
saltat1·ix TrLESIUS that on shading the ocellus the bell of the medusa pulsated, 
the same was true with the ocellus of Poly01·chis. In order to register t he contrac-
tion of the bell muscle on kymograph, a strip of the muscle cut out parallel to the 
bell margin, on which an ocellus left or several ocelli were reserved intact. The 
preparation was pinned to the paraffin bottom in a Petri's dish which was filled 
with the sea water. The central part of the preparation was hung up in the air 
from the sea water by a glass hook, which was connected to the kymographic pen 
through thread, and the muscular movement was registered. On shading the 
ocellus dming the rhythmic activity of the preparation, beyond the time point of 
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Fig. 2. The shadow response of Polyorchis ocellus. A: The normal pulsation of the 
bell muscle with a constant illumination. B: The shadow response of another strip 
preparation of the bell muscle with one ocellus. The extrasystole was prodllced by the 
shadow stimulation. 
the maximum contraction, an extrasystole-like contraction was recorded on the 
kymograph (Fig. 2), but not the compensatory pause which can be seen in the frog 
heart. The spontaneous contraction after extrasystole was delayed as long as the 
interval from the beginning of the former spontaneous contraction to that of the 
extrasystole. The shadow response of the ocellus was very like the pacemaker of 
the conduction system of vertebrates heart stimulated electrically. 
The next strip preparation, at each end of which an ocellus was left and the 
other ocelli and tentacles were cut off, was pinned at the middle to the paraffin 
bottom. The both free ends of the strip were hooked up and connected to the 
kymographic pens in order to record the movements of the both sides of preparation. 
The result was that the pulsation could be caused from the both ocelli and the 
contraction waves from the both sides were interfered and collapsed, or t he 






Fig. 3. Pulsation with two ocelli . A : Independent pulsation of the left half (a) and 
t he right half (b) of preparat ion. B: The case of a dominant ocellus activity. The left 
half (a) pulsated normally and the right half (b) was silent, but the right ocellus was not 
damaged because the shadow response was elicited as is shown in the lowest record . 
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When the both ocelli were stimulated by shadow; one or two extrasystoles were 
produced. 
Body equilibrium: The medusa Polyorchis, in which one ocellus and tentacle 
were left and the other ocelli and tentacles were removed, continued the pulsation, 
but inclined nearly as much as 45 degre~s, the ocellus-free side up and the side 
with the ocellus down. Medusa which 4 or 8 ocelli were left iri radial symmetry 
could maintain normal equilibrated posture and could swim up and down as 
long as one day. 
From the above results, Polyorchis has no statocyst, but the pulsation is 
produced and controlled by the ocelli instead of statocysts, keeps its body 
equilibrium, and swims up and down in the sea water. There has been little 
report which informed examples of equilibrium orientation with photoreceptor 
instead of statocyst in lower invertebrates, although there are many cases in higher 
vertebrates which can compensate the deficiency of equilibrium sense organ with 
the visual system. Little (1914) reported on a histological structure of Polyorchis 
penicillata, but it is not decided whether the pacemaker of pulsation is the sense 
cells with the pigment granules or the ganglion cell close to them. Irisawa et al 
(1956) studied on the effect of light-off of Aurelia aurita LAMARCK, and considered 
that the photoreceptor related with the pigmented cells relays the photo-sensation 
to the muscle via the nerve cell. From the experiment (Tamasige and Yamaguchi, 
1961) of selective impairment of the ocellus by means of a fine tip needle, it is 
highly possible that the ocellus or the nerve cell quite close to it is the pacemaker. 
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